Abstract. Quantum chromodynamics corrections to order as (the running coupling constant), using the quark-patton approach are calculated for the spin-dependent structure functions in deep-inelastic polarised electron-nucleon scattering. Consequences of these corrections for the Bjorken sum rule and the asymmetry in the case of longitudinally polarised (with respect to the beam) nucleons is discussed which could provide possible tests of quantum chromodynamics. Comparison of our results with the moments of the flavour non-singlet contribution to the structure functions obtained using operator product expansion is also given.
Introduction
Quantum chromodynamics (QCD) has recently emerged as a viable candidate for an underlying field theory of strong interactions (Politzer 1974; Marciano and Pagels 1978 , provide excellent reviews). Since it is an asymptotically free theory, it can be reliably taken to provide the leading behaviour in problems where space-like momenta (q~ = --Q~ < 0) are involved (Gross and Wilczek 1973; Politzer 1973) . In particular, to the lowest order, in the effective coupling constant as (Q2), it gives scaling (Bjorken 1969) in deep-inelastic lepton-hadron processes and provides a justification for the naive quark-parton model (Feynman 1972) . To higher orders in %, it predicts logarithmic violations of Bjorken scaling which can be computed perturbatively. These corrections, to order as, have been calculated by many authors (Altarelli et al 1978 and 1979 and references therein; Bardeen et al 1978; Altarelli and Parisi 1977; Floratos et al 1977) for the spin-averaged structure functions which enter lepto-production. The experimentally observed scaling violations (Anderson et al 1977; Barish et al 1978) seem to be in accord with QCD expectations. It is thus necessary to consider other processes and effects which could provide further tests of QCD. To this end we have calculated the order % corrections to polarised electron-nucleon scattering where (though not adequate enough for phenomenology) some data are available at present (Alguard et al 1978) .
Basically, two approaches have been used to calculate order % effects. One is the operator product expansion (OPE) method which, however, only gives the moments of the structure functions. The other approach is an extension of the quark-parton model to include order as contributions. We will follow the quark-parton approach
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as this to our mind is simpler and physically more appealing. Moreover, this approach directly gives the desired structure functions themselves and hence their moments as well.
Both the approaches have given equivalent results for the spin-averaged structure functions as can be seen from the references cited above. However in calculating the spin-dependent scaled structure functions G1 and G~. (see § 2) the quark-parton approach suffers a limitation because one works in the limit of zero patton mass and zero parton transverse momentum. In this limit the initial parton (quark or gluon) in the nucleon would have its spin aligned with its momentum, that is have a definite helicity. In the infinite momentum frame (given by the electron-nucleon centre of mass) the energetic nucleon is viewed as made of these partons. Since one neglects masses and transverse momentum, these partons would give a nucleon with definite helicity in the leading order. For such a nucleon the hadronic tensor is given in terms of only one structure function G1. Consequently, in the quark-parton approach, as for the naive quark-parton model, to order a s also one is able to obtain only G x with Ga effectively zero. Of course this is not so for the OPE method where one obtains corrections to the moments of both G~ and G 2 (Ahmed and Ross 1976; Kodaira et al 1978) . However for phenomenology the lack of knowledge of Ga is not serious as its contribution to the asymmetry in the case of longitudinally polarised protons (with respect to the beam), in general, is down by a factor 1/Q ~ compared to that of G 1 (Hey and Mandula 1972). For transversely polarised protons, the contribution of G1 and G~ is of the same order but the asymmetry, in this case, is itself of order Q-L So we focus our attention on G 1 throughout.
The quark-parton approach is outlined in § 2, where also the two regularisation prescriptions used to calculate the structure functions are discussed. The results of the computations together with a brief sketch of the calculations is presented in § 3. Consequences of these results for the Bjorken sum rule (Bjorken 1970) and for the asymmetry for longitudinally polarised protons using G 1 is discussed in the last section. Emphasis is placed on consequences which are independent of the regularisation procedure.
The quark-parton approach
The cross-section for inclusive scattering of a polarised electron on a polarised nucleon (N), e-(k, Se) -k N (P, s) ~ e-(k') + anything, is given by
[(. ) e where k, P and k' are the four-momenta of the incident electron, the nucleon N and the final electron respectively. Moreover s ~ and st, denote the spin four vectors of the incoming electron and nucleon while t~ae other spins are averaged over. The space like four-momentum q = k --k' is transferred from the leptonic vertex to the hadronic vertex by the virtual photon, so that Q2 = __ q2 > 0. Furthermore, M is the nucleon mass, me the electron mass, k '° the energy of the final electron and ~ the fine-structure constant. The leptonic tensor Lt, V and the hadronic tensor Tt~V come
